There is probably no one element the examination of which has more frequently led the microscopist to erroneous conclusions than the red blood cell of man. The varied appearances which have been seen in it as the result of various methods of examination have led to the most diverse interpretations of their meaning and the importance which should be attached to their occurrence from a clinical point of view. That such should be the case appears to be only natural when we consider that it is so very sensitive to extraneous influences, since it is not only one of the most highly differentiated of all cells, but also is lacking in a nucleus, that portion of the cell without which it is generally agreed that no constructive metabolism can take place. For this reason the manifold retrograde alterations which occur in it as the result of even slight variations from normal conditions have caused the true changes which take place during its life history to be entangled in a network of doubtful and deceitful appearances, from which it is well-nigh impossible to separate them.
The normal fully developed erythrocyte found in the circulating blood of man may be defined as a bi-concave cell of homogeneous appearance, with an opaque yellowish rim and lighter central portion, and containing no nucleus. Authorities are generally agreed upon the fact that this cell is developed from the nucleated hemoglobin-containing cells of the bone marrow, the normoblast and the megaloblast, the latter chiefly during embryonic life, by the loss of the nucleus. They differ, however, as to the manner in which the nucleus is lost, some holding that it is extruded en masse, while the majority, especially of the later writers, are in favor of an intracellular disappearance of the nucleus. * Received for publication Aug. I2, I903. Kolliker in i841 first upheld the view that the nucleus gradually disappears within the red cell. He was able to find in the embryonal liver all transition stages between erythrocytes with well-preserved nuclei and others containing only one or two small, round or cornered granules. This view as to the fate of the nucleus has been subsequently upheld by Neumann, Lowit, Foa, Osler, Mondino, Sala, Schmidt, and Spuler. More recently, Israel and Pappenheim have carried on investigations with the fresh blood of mouse embryos, in specimens of which they were unable to find free nuclei, whereas they found both normoblasts and megaloblasts with gradually fading nuclei, evidently disappearing through a process of karyolysis. They were able to notice the same changes in fixed specimens and account for the appearance of free nuclei, either by the supposition that they are mechanically dragged out of the cell by the usual method of making smears, or that there has been a shrinking away of the protoplasm of the red cell around the nucleus. Further evidence in favor of the intracellular disappearance of the nucleus has been furnished by the researches of Wooldridge, Lilienfeld, Botazzi, and Capelli, who, by chemical analysis, have been able to demonstrate the presence of nuclear material within the fully developed normal erythrocyte.
Rindfleisch in i88o first advanced the theory of the extrusion of the nucleus, which view later met with confirmation through the work of Howell, who described cells in which the nucleus was fixed in the act of extrusion. He further makes mention of a cell of this nature in which granules were at the same time found diffusely scattered through the cell protoplasm. These Howell thinks represent particles of chromatin thrown off from the nucleus before its final extrusion. More recently Maximow has also spoken in favor of this view. Still other observers, as Malessez, Fellner, and Duval, think that the nucleated red cell extrudes a portion of its substance in the form of a red disc entirely free from nuclear material, thus forming the erythrocyte; while Ehrlich believes that the ntucleus of the normoblast is lost by extrusion, while that of the megaloblast disappears within the cell. VAUGHAN. This doubt as to the mnorphological changes which occur during the transition of the red cell from its nucleated to the unnucleated state has, it is safe to say, been accountable for a great part of the discussion which has arisen with regard to the clinical significance of many of the changes noted in the erythrocytes in health and disease, and it was with the view of possibly throwing some little additional light upon this subject that the following investigations were undertaken.
In the study of a structure which is so easily influenced by extraneous factors as the erythrocyte, the method of examination is a matter of paramount importance, and our attempt should always be to obtain the red cell in as nearly a normal state as possible. Since the introduction by Ehrlich of the method of making permanent specimens through the employment of some agent which fixes the blood elements, the examination of the fresh blood has been sadly neglected, and it is probable that some valuable information connected with the life history of the red cell has been overlooked through this omission. Erb, who in I865 examined the unstained fresh blood of normal dogs and rabbits, saw red cells containing granules which were especially well brought out after treatment with dilute acetic acid, and which he thought represented a transition form between the polymorphonuclear leucocytes and the red blood cell. He found the number of these granular cells distinctly increased after hemorrhage, and decreased as a result of starvation. He was furthermore able to find them in the normal blood of man in scanty numbers, while in that of the newly born they were present in a large proportion of all cells. They were also found to increase in number in recovery from severe hemorrhage occurring in connection with gastric ulcer or following an abortion. These granules were of different sizes, and Erb thought that they represented the remains of the nucleus of a polymorphonuclear leucocyte, and considered their appearance as a valuable sign of blood regeneration.
Recently, since the introduction of the method of staining the fresh unfixed blood with neutral red, peculiar changes occurring in the red cell have been noted by different observers and variously interpreted. In I896 Israel and Pappenheim noticed granules in the erythrocytes stained with neutral red, which they considered to be artifacts, since they were irregular in shape and were present in great numbers in some cells, while in the majority they were wholly lacking. In I898 Muller described certain granular changes occurring in the red cells which could be well brought out through the action of neutral red, and which he considered as representing a phenomenon occurring in connection with coagulation. These granules could be found throughout certain cells, or arranged around the periphery. Occasionally they were found entirely outside of the erythrocytes. They were, for the greater part, of small size and often appeared bound together by delicate threads. Schwalbe in I899, on examining the blood of a pigeon stained by allowing a crystal of neutral red to dissolve in the serum, obtained a picture corresponding very closely to that seen in Figure i (Plate XV.). He has been able to watch the separation of little particles from the nucleus, and thinks with Muller that the change seen represents a wandering out of the nuclear substance occurring in connection with the process of coagulation. Schwalbe and Solley in I902, on examining fresh blood to which neutral red and methyl violet had been added, noticed many red cells giving off separation products, which stained more or less intensely with methyl violet and resembled in all respects the preexisting blood plates. They state that after poisoning with toluendiamin, nearly all of the erythrocytes are filled with blue granules, resembling those which Heinz found as the result of the action of many poisons, and Bloch observed in cases of poisoning with pyridin. The authors state that the same granules staining blue with methyl violet appear in normal blood during the process of coagulation, the difference in the appearance of the poisoned blood being simply a quantitative and not a qualitative one. They furthermore state that they have seen basophilic granules in the blood of normal guinea-pigs and rabbits, and arrive at the conclusion that those granules seen in fresh specimens have to do solely with the formation of blood plates and coagulation, while those seen in both fresh and stained preparations may be due to changes-in the hemoglobin content, allowing the granular structure of the erythrocyte to show through.
Maximow, in I889, speaks of granules as occurring in young erythrocytes, and staining with neutral red, which, however, he claims have nothing whatever to do with the nucleus, but first make their appearance within the cell around its periphery as the nucleus is undergoing extrusion. He thinks that they stand in relation to the " nucleoid," which is developed within the red cell as the nucleus is extruded, and which is capable of demonstration only in fixed specimens. These granules, at first making their appearance at the periphery, gradually approach the central portion of the cell, and disappear as the development advances further, leaving the completely formed, normal, unnucleated erythrocyte.
Being myself firmly convinced that the only rational method of studying the life processes of the blood elements is to study them in as nearly a normal state as possible, most of this work has been confined to the examination of specimens of fresh blood, stained with polychrome methylene blue, and not subjected to the various alterations which are caused by all methods of fixation, either chemical or physical. The method of procedure has been as follows: The ear of the patient whose blood we wish to examine is thoroughly cleansed of all dirt particles by washing with alcohol. The blood is then drawn, the first drop being used as an index as to whether a free flow has been obtained or not. This is then wiped off with a clean towel, and a drop of the previously filtered stain placed over the site of puncture by means of a clean glass rod or pipette. The blood flowing from the wound thus mixes directly with the stain without coming in contact with the air, and the small drop thus obtained is immediately collected on a coverslip and placed at once upon a slide, where, if the drop is not too large and the slide and cover are clean, it spreads out into a thin film and may be examined at once. In order that the conditions might be as little altered from the normal as possible, warm slides and covers and a warm stage were at first used, the cover-glass being rimmed with paraffin, but as it soon became evident that such precautions had little influence upon the appearance of the specimen, they were discarded as unnecessary. The examinations were in all cases made as soon as possible after the withdrawal of the blood. The stain used was in almost all instances Unna's polychrome methylene blue, as prepared by Griibler. It was used in undiluted form, and the best results were obtained when the amount of stain was small as compared to the size of the drop of blood. It may be said that the solution used was not isotonic with the blood serum, but the effect on the size and shape of the red cells, one of the most delicate tests of the tonicity of a fluid, when mixed in right proportion, was practically nil, the red cells showing neither evidence of crenation nor of swelling, in the majority of cases. In those instances in which changes of this nature were noticed, the specimen was immediately discarded and a fresh one made.
On examining a spread prepared in the above manner, it will be seen at the end of a few seconds that, although a majority of the red cells show no affinity whatever for the stain, having simply the appearance of normal erythrocytes in an unstained preparation, here and there, throughout the specimen, will be found a cell which contains more or less numerous granules, staining a decided reddish purple, having evidently shown a special affinity for methylene azure, the chromatin staining principle of the polychrome methylene blue. The cells showing this peculiar granulation are not numerous in normal blood, there being seldom more than two or three such seen in a field containing from two to three hundred blood cells, while in many fields they will be wholly wanting. The granules are usually found in cells whose hemoglobin content seems to be normal, and are not more numerous in cells showing endoglobular degeneration, crenation, and other evidence of departure from the normal. In fact, they seem to be less numerous, if anything, in these cells than in those in which the hemoglobin color and the cell outline speak for a normal condition. The abovementioned granules are at first of a decidedly pinkish appearance, which after the lapse of some time changes through a purple to a pronounced bluish tinge. They are of the most diverse sizes, some of them being quite large, while others are so small as to at first escape notice, were it not for the fact that they stand out so distinctly against the color of the hemoglobin. In normal blood, as mentioned above, the cells containing these granules are comparatively few in number, and the granules are, without exception, either scattered uniformly throughout the cell (Fig. 5 c) , or arranged perhaps around the periphery (Fig. 5 f) . Often an appearance such as that seen in Fig. 2 c or Fig. 3 d will be found, the granules being arranged in a line running directly across the entire diameter of the cell. When this is the case the granules are invariably of the smaller variety. Besides differences in size, there are also great differences in the shape of the granules, some of them being perfectly round, others being oblong, while still others are of the most diverse shapes. In many instances one can see that the granules are apparently connected with each other by very delicate thread-like strands which stain for the greater part as do the granules.
On examining the blood of a patient suffering from pernicious anemia, I was at once impressed by the enormous increase in the number of granular cells, and in order to make sure that this increase was a real rather than an apparent one, I have, in the various conditions in which I have studied the blood, counted from fifteen hundred to two thousand red cells and given the percentage of these which showed the granular appearance. Of course it must be understood at the outset that this percentage is of no value as an exact number, but is simply a convenient and trustworthy method of ascertaining whether or not the number of granular cells is or is not actually increased tunder certain conditions.
BLOOD OF APPARENTLY NORMAL INDIVIDUALS.
Per cent of all cells Case. Number of red cells.
Per Such, however, is not the case, and, after standing for several hours, the proportion of these cells does not seem to increase, nor do the granules in the individual cells show any augmentation in number. It must be admitted here, however, that after the lapse of some time the remnants of blood platelets and precipitates of the stain may settle down upon and around the red cells in such a manner that it is only by careful focusing that one can see that he has to deal, not with actual granules lying within the cell itself, but with foreign bodies resting upon it. Again, the fact that the number of granular cells does not increase after the lapse of sufficient time for the stain to act upon them, as can be well judged by the appearance of the leucocytes in a given field, the latter staining most beautifully even while in active ameboid motion, seems to be a point against the supposition that they represent changes in the -blood preparatory to coagulation.
By the use of unfixed specimens we are enabled to observe the effect of different reagents upon these granules contained in the erythrocytes. For example, a preparation was made and examined in the usual manner. After the granules had taken the stain, a one-half per cent solution of acetic acid was allowed to flow under the edge of the coverslip. On coming in contact with the reagent, the erythrocyte first becomes rather indistinct in appearance, as if it were out of focus, gradually losing its characteristic hemoglobin color, and ultimately disappearing from view. The granules stained reddish purple with polychrome, become changed to a decided blue on coming in contact with the acid. In cells containing these granules they are brought out with much greater distinctness as the remainder of the cell disappears. At first one may see masses of bluish-staining granules crossing 'the field, to all outward appearances free, but, judging from the fact that they keep so closely together, and the mass retains its form so well while moving, still held together within the disintegrating red cell. Finally the granules composing these masses begin to separate from each other, indicating that the red cell has been completely dissolved, and from this time they cannot be differentiated from the detritus and precipitates of the stain which may be present. The behavior of the nuclei of the leucocytes and of the blood platelets toward acetic acid is similar in all respects to that of the granules. Another specimen was prepared and stained in the same way and subjected to the action of hemolytic serum. The results obtained were practically identical with those of the preceding experiment. The granules were not dissolved by the action of the serum, but were apparently set free in the plasma, as the red cell containing them suffered hemolysis. Here again it is worthy of note that the employment of such serum has no hemolytic effect upon either the nuclei of nucleated red cells or upon the blood plates.
On More significant yet, however, are the changes which are noticed in the size and arrangement of the granules within the cells. Whereas, in the case of normal blood they were usually found more or less diffusely scattered throughout the cell,-in that of pernicious anemia they are more apt to be massed together in the central portion (Fig. 5 a,  b, h) . Again, the size of the granules is, as a rule, much larger in the case of pernicious anemia. Case two is an exceptionally instructive one, as it shows the close relation which exists between the number of nucleated reds seen in the blood and the number of granular cells. During the first part of his attack both the number of nucleated reds and of granular cells was fairly constant. During the blood crises the number of granular cells increased enormously, and during his gradual failure, when the nucleated reds had fallen to twelve, the granular cells also reached their lowest per cent. An examination of this table at once led to the supposition that these granules probably stand in some intimate relation with the nucleus of the red cell, and with this explanation in view I have tried to find other evidence to support the theory. If, indeed, the granules represent nuclear remains, where would we be more apt to find them than in the circulating blood of newly born infants, which, -as we very well know, often contains nucleated red cells for a few days after birth? With the object of ascertaining, therefore, whether or not the percentage of granular cells was increased in the newly born, examination of infants' blood was made as soon as possible after birth, with the following results:
Case.
Percentage In case two three normoblasts were seen, whereas in the rest, typical normoblasts were absent, as, although some of them were difficult to classify, no cell was considered a normoblast in which the nucleus had begun to show evidence of karyorrhexis. In all of these cases the arrangement of the granules was for the greater part in the central portion of the cell, as is well illustrated in Figure 2 . In cases two and four some very instructive pictures were obtained. Many of the cells containing granules showed a very finely granular, centrally located, bluish-staining mass, around which, in the hemoglobin-containing portion of the cell or in some instances situated in this central mass or upon its periphery, could be found large, decidedly reddish purple, sometimes bright red, round homogeneous nmasses resembling nucleoli, and corresponding in all respects to the chromatin of the malarial parasite when stained in the same manner (Figs. 2 e and 5 h ). Similar bodies have been described by Howell, who states that they occur only when the process of blood production is markedly accelerated, and who looks upon their appearance as being due to a bit of the nucleus left adherent to the blood corpuscle after the escape of the former from the cell. They appear to correspond also very closely to the endoglobular bodies described in the blood of cats by Schmauch, and which he considers as representing the remains of the nucleus.
It is interesting to note with what rapidity after birth the blood of the infant assumes the picture characteristic of normal adult life. This is well illustrated in case two, in which after a lapse of six days after birth the blood resembled in all particulars that of normal adults, the percentage of granular cells having fallen from four to nine-tenths, and the cells still containing granules showing them diffusely scattered through the henioglobin-containing protoplasm, cells containing granules massed in the central portion being found only after diligent search throughout several fields. The same change was noticed in the blood of the premature infant after four days in the incubator, although not to so marked an extent. The granular cells were much less numerous, and the central arrangement was not nearly so well marked.
Beside the above observations, examination of the blood to ascertain the proportion of granular cells present, and their character, was made in the following instances: From a study of the above table we find that the percentage of granular cells found is practically the same as that in the blood of normal individuals, with the exception of the case of anemia with enlarged spleen, in which we find the * In this case there were I5 nucleated reds found in counting 500 leucocytes. high percentage of eleven and one-tenth, accompanied by the presence of nucleated reds in the circulating blood. In this case cells showing all stages of karyorrhexis could be plainly made out. The case of septic anemia is particularly instructive. The low percentage of granular cells indicated an absence of any attempt at regeneration, a fact which is fturther established by the rapid decrease in the blood count.
Specimens of bone marrow obtained from autopsy cases were also examined by allowing the unfixed smear to come into direct contact with a drop of the stain. In these cases the percentage of granular cells seems to be about three, a larger per cent than is found in the normal circulating blood, and about the same as that obtained in the blood of newly born infants. Since, however, there are many particles of granular debris in these cases, some of which it is exceedingly hard to differentiate from granules within the cells, no stress can be laid upon the results. In addition, an examination was also made of the blood of pig embryos in various stages of development. In the latter case the blood was obtained by amputating the head of the embryo and staining the drop thus collected in the usual manner. The results obtained were as follows: The number of granular cells in a pig embryo whose length was three and one-half inches was seventeen per cent of the total number of cells seen. Nucleated red cells were present showing a blue-staining, almost homogeneous nucleus, around and in which were scattered numerous fine, pinkish-staining granules, presenting a picture such as that seen in Figure 3 . In these granular cells the arrangement of the granules was for the greater part in the central portion, and many of them showed in addition numerous delicate, reddish-staining nucleoli. The cells showing granules diffusely scattered throughout were present in far less proportion than those showing the central arrangement.
In the blood of an embryo whose length was two and onefourth inches the granules were present in twenty-four per cent of all red cells. In smears made from the liver of this embryo, and stained with polychrome, the nucleated reds showed in almost every instance a distinct nuclear network and a well-marked nuclear membrane. It is worthy of note that in no cell of this description were granules to be found. They were, however, almost constant in those cells in which the nuclear membrane had become indistinct, and the nuclear network staining a decided purple had been replaced by a more homogeneous or finely granular mass staining blue. In the blood of an embryo seven-eighths of an inch long fully one-half of all cells seen were nucleated, and of a larger and more oval shape, probably corresponding to the ancestral cells, as described by Howell. Many of these showed granules in their hemoglobin-containing protoplasm, and practically all of the unnucleated cells seen were of the granular variety.
On staining a drop of the blood of a goose in the usual manner the following picture was obtained: Many cells were found in which the nucleus appeared to be in a perfectly normal condition. The nuclear membrane in these cases was very distinct, and the chromatin network stood out sharply defined, the whole staining a deep purple, thus showing that the structure of which it was composed contained elements which showed an affinity both for the chromatin staining principle, the methylene azure, and for the methylene blue as well. In cells with a nucleus of this description, granules were never seen in the hemoglobin containing protoplasm. Again, there were present certain cells in which both the outline of the nuclear network and that of the membrane were decidedly less distinct, although the entire nucleus still took a purple stain. In cells of this description there were always found, usually in the immediate neighborhood of the nucleus, more rarely in remoter parts of the cell, granules staining a decided pink, showing an affinity solely for the methylenie azure. As the nuclear mnembrane and network became more indistinct, they showed less and less affinity for methylene azure, staining decidedly more bluish, while the number of pinkish staining granules in the protoplasm of the cell showed a proportionate increase. It is hardly to be doubted that this represented a phenomenon in the degeneration of the nucleus, in which, as the nucleus died, the chromatin was cast off into the protoplasm in the form of granules, until ultimately there was nothing remaining at the original site of the nucleus except a faintly bluish staining mass of homogeneous appearance and irregular outline and entirely devoid of chromatin. In many instances theo chromatin seemed to be gathered together as it was cast off from the nucleus into comparatively large, round, deeply staining nucleoli, the appearance resembling in all respects that seen in the blood of infants anid in the cases of pernicious anemia after a blood crisis, as seen in Figures 5 h and 2 e. The changes seen in pigeon's blood are identical in all respects with those seen in the blood of the goose, with the exception that the granules are as a rule much finer in structure and the chromatin containing nucleoli much smaller.
Since one of the chief points raised in regard to the nuclear character of basophilic granules in red cells has been the fact that they show no affinity for methyl green, the results of an attempt to stain these granules, which are beyond cavil nuclear in origin, may not be without interest. On attempting to stain the fresh blood of the pigeon with methyl greert, even when used in concentrated solution, it was found that cells corresponding to those in the first four stages represented in Figure i showed a nucleus staining well, but without apparent granules in the protoplasm. Many cells showed no affinity for the stain at all, appearing to entirely lack nuclei, and yet there is little doubt that they represented stages such as are depicted in the last two figures of the same plate. That some of the nuclei which did stain with methyl green had begun to cast off chromatin granules can be inferred from the fact that they stained much less intensely, and that the structure of the nucleus was not brought out with as much distinctness as in cells with well preserved nuclei. We are, therefore, I think, justified in classifying methyl green as a weak nuclear stain, and as such it is of no value in following changes which represent a disintegration of the nucleus.
When we turn our attention to the examination of fixed specimens, we at once find that the cells containing granules have for the greater part disappeared. The changes occurring in the cells as found in these specimens are, however, very instructive as compared with those previously obtained through the examination of the fresh blood. Specimens of pigeon's blood were stained with Jenner's, Leisehmann's, and Wright's stain, which are the ones usually used for the differentiation of the basophilic granules occurring in the red cells. The most satisfactory results were on the whole obtained by Leischmann's stain, after the use of which the following picture was obtained: The nuclei of the various cells were stained with varying degrees of intensity. In a few specimens basophilic granules could be seen on careful examination in the hemoglobin containing portion of the cells. The majority of the cells in which the nuclei stained poorly, however, showed distinct evidence of polychromatophilia, the entire protoplasm showing a more or less marked affinity for the basic stain. This polychromatophilia seen in cells, the nuclei of which have evidently begun to undergo degeneration, strongly suggests the theory that the reason why the chromatin granuiles seen in the fresh blood are not present in fixed specimens is due to the fact that through fixation methods these granules are broken up and diffused uniformly throughout the cell. It may be mentioned here that one of the arguments against the nuclear origin of the basophilic granules is the fact that they are often found in nucleated cells, the nucleus of which is to all appearances intact. This may well be the case, if they simply represent the chromatin granules which have just begun to be cast off from the disintegrating nucleus.
There remains still one element of the blood to be considered, whose morphology is beautifully brought out by the use of polychrome methylene blue. In specimens of blood prepared in the previously explained manner the blood plates are brought out with great distinctness, and changes which occur in them can be easily noted.
The blood plates were first described by Bizzozero, who considered them as a normal constituent of the blood, inasmuch as he was able to see them flowing through the vessels. before the stain has acted upon it. The cohesiveness of the plates at this time is very pronounced, they either adhering to the surface of the coverglass or that of the slide, and remaining motionless or nearly so, while the erythrocytes may be seen crossing the field in the direction of the current set up by moving the coverslip. Thus we find that the number of blood plates seen in a given field is practically constant, whereas that of the red cells may be constantly changing, a factor which must be taken into consideration in the ordinary method of counting the blood plates by ascertaining their proportion to the number of red cells seen in a field. After the lapse of fifteen or twenty minutes we will find that the blood plates have lost their power of cohesion, are stained a decidedly bluish color, have become very irregular in outline, and in all cases possess a hyaline, colorless, ring-like body of regular outline, which is apparently attached to them, the latter body corresponding undoubtedly to what Puchberger has recently termed the " hyalomere " as distinguished from the irregular staining portion which he calls the " chromomere." This appearance is not confined to a few of the plates, but is characteristic of all. Sometimes one obtains a picture such as that seen in Figure 6 , as if two hyalomeres were attached to a single chromomere on opposite sides, but this is the exception and not the rule, there usually being only one of the former to each of the latter. After this change has taken place the blood plates apparently remain in the same state for an indefinite period of time. Does the behavior of the blood plate toward polychrome methylene blue furnish us with any evidence concerning its structure or the source of its origin? It is not the intention of this paper to enter into any detailed discussion with regard to this subject. The fact, however, that they stain with methylene azure and behave toward dilute acetic acid and hemolytic agents as do the nuclei of red blood cells, seems to be strong proof in favor of their nuclear character. Whether they represent individual elements or arise from the nuclei of the white cells or those of the reds one cannot say. It is interesting to note, however, that they apparently bear a rough numerical relation to the number of cells showing granules, being proportionately mnore when these are less and less when the granular cells are largely in evidence. Thus in all cases of pernicious anemia which were examined the number of blood plates seen was remarkably small, while that of the granular cells was, as before mentioned, greatly increased. In fact, one might say that the small number of platelets found in these cases is as striking a characteristic of the blood picture as is the large proportion of granular cells seen. In secondary anemias, on the other hand, in which no evidence of regeneration was seen, as indicated by the absence of an increase in the number of granular cells as well as a constantly falling blood count, the number of platelets was not found to fall below that seen in the case of normal blood and in various diseased conditions in which the blood picture is not particularly altered. Indeed, in two cases of marked secondary anemia they were decidedly increased in number.
To return to the granules occurring in the erythrocyte, what conclusions may we be justified in forming with regard to their nature and clinical significance? Do they represent simply artifacts, or inherent changes within the red cell itself, either in its stroma, hemoglobin content, or preexisting nucleus, and if so are these changes of a degenerative character? It is evident that these questions must be answered before any logical attempt can be made to understand their clinical significance.
That they do not represent artifacts is well brought out by the fact before mentioned, that they do not increase in number on allowing the specimen to stand, and that the percentage of such cells seen in the blood of normal individuals, and in that of those suffering from diseases in which the blood picture is not particularly affected, is singularly 36I constant. That their appearance is not due to alteration in the hemoglobin content of the cell can be judged by the fact that in the cells in which they are most abundant the hemoglobin is of normal appearance and distribution. Are they, then, remnants of a nucleus which has disappeared either through a process of karyorhexis or karyolysis? All of the experimental evidence obtained certainly points conclusively in this direction. For example, they are found in greatest abundance in those cases in which nucleated red cells are also seen in the circulation, namely, in the blood of pernicious anemia and in that of newly born infants. Moreover, the fact that in these cases they occupy more nearly the central portion of the cell, the original site of the nucleus, and are at the same time of larger size than those found in the normal circulating blood of healthy adults, is a point in favor of their nuclear origin. Again, the fact that they are found in small numbers in normal blood uniformly scattered throughout the cell, and invariably of the smaller size, cannot be taken as evidence of their being non-nuclear in origin, since it is certainly reasonable to suppose that if there is in truth an intracellular disappearance of the nucleus, cells containing nuclear remains should be found in the circulating blood. That no red cell, but a fully developed normal erythrocyte, is allowed to escape from the bone marrow, even in conditions of health, is not at all likely. Furthermore, these granules show a pronounced resemblance to those described above, as seen in the blood of the pigeon and goose, and which were undoubtedly composed of chromatin derived from the disintegration of the nucleus. In addition, they show a decided affinity for methylene azure, which is conceded to be a specific chromatin stain.
Regarding the manner in which the nucleus undergoes disintegration within the red cell, the above researches furnish the following information:
The well-preserved nucleus of the erythrocyte shows a distinct nuclear network and a sharply defined nuclear membrane, the whole staining a decided purple with polychrome methylene blue. Such cells show usually no granules in their protoplasm, or at the most one or two small ones situated in the immediate vicinity of the nucleus. As degenerative changes advance, however, the nuclear network and membrane become more indistinct, the nucleus becoming more irregular in outline, and the chromatin being gathered together in the form of round nucleoli of various sizes, staining red with methylene azure. These nucleoli are cast out into the surrounding hemoglobin containing protoplasm, where they become more and more broken up into the finest granules and ultimately disappear. For a short time after the gathering together of the chromatin an irregular staining mass may be noticed at the original site of the nucleus, which quickly disappears altogether.
Considering the above mentioned granules, therefore, as of nuclear origin, what significance can we attach to them either from a diagnostic or prognostic standpoint? It is evident that their importance depends solely upon whether they are present in a large proportion of all cells or not. When they are present in a larger percentage than normal among the cells of the circulating blood, the same value can be attached to them within certain limits as can be given to the finding of nucleated red corpuscles. The increase in the number of such cells may, however, be noted, long before the discovery of nucleated cells themselves, and thus may lead to the suspicion of the presence of certain conditions at an early period. An increase of the granular cells to nine or ten per cent of the total number of cells seen would indicate a marked departure from the normal and would probably not occur in the absence of nucleated forms, although the latter might be found only after diligent search. As regards prognosis, their significance would depend entirely upon the condition in which they occurred. For example, in cases of secondary anemia a high percentage of granular cells would be looked upon as a favorable sign, indicating a state of blood regeneration, whereas in the case of pernicious anemia, its value as a prognostic sign would be practically nil -the rise of the blood count and the hemoglobin index being much more favorable signs in the latter case. The simplicity of the technic and the fact that by its employment not only granular cells, but both nucleated reds and differentially stained leucocytes, as well as the malarial parasite, are well brought out, would seem to warrant the assumption that the method may be of some little aid to clinical hematology. 
